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1, INT RDDUCTION 

Phase B of the subject contract (HAS 9-3924) was  i n i t i a t e d  on 24 Harch 

1966. Melpar submits t h i s  first quarterly report  i n  compliance wi%h the  

contract. 

coIQllnmjcation and telemetry system. 

desigri 2nd construct t n e  circuit  modules which will be used i n  Phase C t o  

package the t o t a l  systemo Each module i s  designed to be as completely 

thin-film as possibleo 

The ultimate task objective is to  construct a thin-film p e r s o n a  

During Phase B, t he  objective is to 

A PEHP chart  for Phase B was shown in the proposal; a revised chart  

i s  given in figure 1 which w i l l  be used f o r  scheduling and reporting. 

Progress on the chart is shown by heavy l i n e s  and the anticipated comple 

t i o n  dates are shown at each step, 

represents a c i r cu i t  xwdule. 

t o  avoid a pile-up of work a t  any given process step. All of the  process- 

ing is scheduled for  conrpletion before 1 Jmuarg 1967. This will allow 

three nonths t o  evaluate the  system performance and, if necessary, time 

I n  general, each l i n e  on t h e  chart 

The development of t h e  modules i s  staggered 

f o r  reprocessing defective designso 

During the  first quarter, the transceiver design was  reviewed and She 

individual thin-film mdules were identified, 

imdules were designed i n  thir+film form and are now i n  the process of 

being fabricated. 

on l i f e  t e s t  f o r  one month. 

substrxbes should be i n  process within the next monthly report i n t e r 9 a l ; .  

The twin-'I, VCO, and diplexer 

A s e t  of  three twin-T f i l t e r s  i s  completed and has been 

Depositions of VCO substrates and diplexer 
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2, ma4 CONGEPI 

A block diagram of the  system i s  shown i n  fi,o;ure 2, The secondary 

system is ident ical  with the  exception t h a t  the data channels are not 

included, To date, the  secondary system has been considered as simplex 

but is m u  considered to be duplex and includes a diplexer, 

The receivm ~ Q C &  oscKLa+ir a d  t h e  t-rmd%ter cz?”r;,er freqdemies 

are generated by t r ip l ing  t h e  output o f  a crystal  oscil lator,  

frequency is 0.5 mc which allows the use of RI: coupled stages, 

i-f frequencies, it would be necessary to use tuned coupling stages; in 

thin-film form the  coils would not be pract ical  a t  frequencies below 100 

mc. The crystzils are clamped t o  resonate at  the 5th overtone of the  

fundamental (approximately 20 mc) e 

The 5-f 

A t  higher 

Modxlation of t he  transmitter is accomplished with gate modulation 

on the low level r-f stages, 

transformer which would be beyond the range of thin-film capabilities, 

A t  present the low level r-f stages are commercial 3 “ t s  and power output 

is provided with a conventional transistor.  A full 150 nm r-f breadboard 

has been constructede Maximum ut i l iza t ion  of thin-films i n  t h e  r-f see- 

tion wXU. require further c i rcui t  improvements; some of the  coiXls i n  the 

present design are high Q (> 150) and, i n  two cases, the inductance is  

over O.lmicrohenzly, 

m e n t  fo r  modulation power but increases the power required i n  the r-f 

stagesI 

30% at 150 mw r=f output. 

Th i s  method again avoids the use of a 

The use of gate modulation eliminates the require- 

A t  present the efficiency of the  output stages is approximately 

7 
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The osci l la tor- t r ipler  circuit i s  shown i n  figure 3* The osc i l la tor  

presently used is a grounded gate stage with the  drain signal fed back to 

t he  sou~ce. For optimum transfer of power (minimum loss),  t he  capacitor 

cs 2 ratio[ . 1 should be n e a r u  equal t o  the r a t i o  of t h e  drain resistances 
Cl+C2 

@n this case, the crys ta l  resistance at resonance i n  sez%es.rith the inpnt 

resistance at  t h e  source& The 20Q-c~hza sc-me resistance is chosen t o  make 

the loop gain s l igh t ly  greater than oned The c i r cu i t  can be made wre 

insensit ive t o  spurious component changes by shunting t h e  crystal capacitance 

with a tuning iductance. A OJ xuicrohenrg inductor i s  required f o r  t h i s  

purpose, so that the more c r i t i c a l  design is jus t i f ied  i n  thin-f i lm fona ,  

A nonlinear a m p l i f i e r  provides frequencytripling with the amplifier output 

tuned to the  t h i r d  h m m c  of the o s c i l h t o r ,  

I n  the  primary system, t h e  modulation consists of seven VCO channels 

(75% of t h e  mdulation) and a mice channel (20% of the mdulation). 

F u l l  modulation of t h e  F5ts requires approximately a +volt peak-to-peak 

sigruiL, 

equdl to 0.75 X i5;1~ = 0;8 volt;: The contribution from each VCO i s  then 

mer m k i n g ,  the complex VCO signal should have an rms value 

0 3  volt  nns; The Summing network is designed t o  provide t h i s  0.3 vol t  

rms at the fundamental frequencies of t h e  VCOrs, 

added to eliminzte %be f . , ~ ~ - ~ i f n l c  energies. Zwin-T 1 s are used on the  lower 

channels and a single f i l ter  is used i n  t h e  mixing c i r c u i t  t o  reduce the 

energies caused by the hamonics o f  t h e  higher channels. 

Filter networks are 

A diplexer w L l l  be used to couple the transmitter and receiver t o  a 

*hm antenna. The major function of the diplexer is t o  prevent t h e  

9 
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t he  transmit energy fronn disturbing t h e  receiver performance. A discrete  

component filter system was constructed &ich offered 6eab attenuation. 

The thin-film version was designed wi th  the same component values but t he  

geometrical arrangement i s  considerably different, The evaluation of t h e  

&placer rill provide much of the information required t o  lay out  t he  

remainder o f t h e  r-f circuitry, 

The receiver r-f consists o f  a s i n g l e  stage amplifier, a mixer, and the 

loca l  oscillator. Circuitry f o r  the loca l  osci l la tor  is  ident ical  with the  

transmitter oscil lator-tripler.  The r-f amplifier i t s e l f  i s  sinrply a tuned 

amplifier with an input matching network, A t  present the matching network 

(9 to 1200 ohms) is an L section which uses a f a i r l y  large inductor, A 

capacitive divider network w i l l  be investigated t o  try t o  eliminate the  

inductor 

Select ivi ty  i n  the  receiver is largely due t o  the r-f tuned c i rcu i t% 

A &stage, RC-coupled, i-f amplifier i s  broadband a t  0,5 mc center fie-- 

quencye Additional select ivi ty  may be added with an RC feedback f i l t e r  

around 1 o r  3 stages of the intermediate frequency, 

There are three voltages required t o  maintain AGC on the  various 

stages i n  the  receiver; i e e o ,  the r-f amplifier, the  mixer, and the 

Fzhx~.&2%e A*eqi&neyo 

o f  t h e  signals, both because of the dc levels required and because of t h e  

amplitude, 

A X  ziiliflers a r e  required %a produce each 
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3. TWIN-T FILTER MODULES 

The function of the tan-T f i l t e r s  is to remove the harmonics of the 

low channel VCO* s uhich would interfere w i t h  the higher channels. 

the  4 kc and 5.4 kc V C " s  will have harmonics a t  8 kc, 1 2  kc and 10,8 kc 

which would in te r fe re  with the higher channels, A single filter does not 

have sufficient bandwidth to reject  the harmonics over the total deviated 

bandwidth. 

tuned, 

Thus 

To o b w n  the required bandwidth, two twin-T*s a re  stagger- 

A single substrate (1" x 1") is  used for  a staggered tuned pair, 

During the first quarter, a set of three filters was completed, 

units are now being used t o  test confomal coatings, and t o  evaluate the 

e l ec t r i ca l  performance, The y ie ld  of filters t o  date has been rather  l a w  

due t o  problems i n  depositfng capacitors; this is a normal problem a t  the 

beginning of a new deposition process and w i l l  improve with bet te r  process 

contml, 

These 

On a completed ftlter, the  indiddual  capacitors cannot be measured 

direct ly ,  

calculating the e f fec t  o f  t h e  remaining circuitry,  

values are known, the fndiv5dual resistor values can be calculated. This 

is shown schematically i n  f igu re  4, When a 2000 pf capacitor is measured 

a t  10 kc, there is a correction factor of approximately 7Se 

The capacitors are measured and then the value i s  corrected by 

When the capacitor 

Resistor trimming i s  accomplished i n  two steps,, On a newly deposited 

substrate, parts of the resistor matertal are shorted so t ha t  all, r e s i s t o r s  

m e a m  l e s s  than any desired f ina l  value, Ety selectively cutting shorting 

bars, the resistance i s  raised t o  within 5% of  its final 

the t r i m  operation, the substrate 2s mounted on a stable 

value, DUPirlg 

platform where 

12 
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it can be viewed with the aid of a & C r O S C O p e e  Electrical  contact i s  made 

with needle probes which are, i n  turn, connected t o  a precision Idheatstone 

bridge and g a l m e t e r ,  For the final trimming, a diamond scribe attached 

t o  a micromanipulator is used t o  notch the resistor material while observing 

the null indication on the galvanmeter, 

'Phese filters have been fabricated using th i s  proced-me and, in all 

three, the results were excellent, 

notch the 2nd harmonic o f  the h-kc VCO, 

bandwidth, the filter should re jec t  frequencies between 7,6 and 8,L kc, 

The constructed filter maintains a 33-db attentuatfon (below the 4-k~ 

level)  i n  this interval. Since the second harmonic of a symnetrical 

square wave is  small t o  begin with, 33-db attenuation i s  sufficient,  

Attenuation values f o r  third harmonics measure bet ter  than 41 db, 

Figure 5 shows a typical response curve f o r  an 8-kc f i l t e r ,  

LI VCOMODULES 

The f i rs t  f i l t e r  w a s  designed to 

T a n g  into account the deviated 

It was originally planned t o  deposit two VCO's on a substrate, 

During the layout design it became apparent tha t  this would not be possible 

due t o  the large number of components and because it i s  necessary t o  allow 

f o r  trirmning bars on the resistors,  This w i l l  increase the total number of 

modules t o  33. 

As with the fi l ter  modules, it will be advantageous t o  fabricate the 

four  VCO modules with a single set  of masks, 

t o  allow f o r  a large range o f  r e s i s t o r  trimming, 

capable of allowing f o r  both the  correct RC product and the variations i n  

bias required f o r  the transistors, 

To do this it i s  necessary 

The tr%nmdng must be 
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Figure 5. Twin-T Filter Frequency Response 
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'€'he VCO's fabricated t o  date have used discrete components including 

commercial FE!l?s. 

the thin-film active devices i n  order t o  stabilize the drain current a t  

constant bias voltage, 

trimmed while the  circuit is operating, 

can be used t o  monitor the trimming operaion, 

A n  aging o r  %nm-fn@ process is being imest igated fo r  

After the aging process, the res i s tors  can be 

I n  t h i s  way,  a frequency counter 

50 "G 

A complete set  o f  masking drawings are included f o r  the modules 

designed t o  date (figures 6 t o  24), 

beginning o f  the report w i l l  serve as  a reference t o  the drawings. 

of the d r a ~ n g s  are a t  a 421 scaleo 

6. CIR~UITBIQD~S 

The l i s t  of i l lus t ra t ions  i n  the 

J !  

The following revised list represents the complete set of  modules 

(power supply excepted) t ha t  w i l l  be required f o r  the transceivers 

Module No, 1 - Audio amplifier (tramimit%er) 

2 - 2,3 kc low-pass filter 

3 - Voice-operated &tch 

4 - 4 kc VCO 

5 - 5.4 kc VCO 

6 - 8.8 kc VCO 

7 - 8,2 kc VCO 

8 - 9*6 ke VCO 

9 - 11 kcVCO 

10 - 1204 k@ VCO 

- Staggered p a i r  8-kc twin-T notch f i l t e r  



Nodule No, 1 2  - 
13 - 
14 - 
1p' - 
16 - 
17* - 
18 - 
19" - 
20* - 
2 1  - 
22 - 
23 - 
24 - 
25 - 
26 - 
27 - 
28 - 
29 - 
30 - 
31 - 
32 - 
33 - 

Staggered pa i r  1 2  kc twin-T notch f i l t e r  

Staggered pair  10.8 kc twin-T notch filter 

Diplexer primary system 

Diplexer primary system 

Diplexer secondary system 

Diplexer secondary system 

Mixer amplifier 

Transmitting R F  and modulator 

Receiver R-F and mixer 

1-3' amplifier (1st  half) 

I-F amplifier (2nd half) 

Detector and AGC 

Audio amplifier (receiver) 

Same as No, 1 module 

Same as No. 3 module 

Same ad  No, 18 module 

Same as No, 19 module 

Same as No. 20 module 

Same as No, 21 module 

Same as No. 22 module 

Same as No, 23 module 

Same as No, 24 module 
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Figure 6 .  Voltage-Controlled Oscillator First Conductor Mask No. 1 
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Figure 7. Voltage-Controlled Oscillator Resistors (High Value) Mask No. 2 
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Figure 8. Voltage-Controlled Oscillator Resistors (Low-Value) Mask No. 3 
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Figure 9. Voltage-Controlled Oscillator Dielectric Mask No. 4 
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Figure 10. Voltage-Controlled Oscillator Second Conductor Mask No. 5 
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Figure 11. Voltage-Controlled Oscillator Protective Coating Mask No. 6 
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Figure 12. Twin-T Filter First Conductor Mask No. 1 
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Figure 13. TWin-T Filter Resistor Mask No. 2 
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Figure 14. "win-T Filter Dielectric Mask No. 3 
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Figure 15. Twin-T Filter Second Conductor Mask No. 4 
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Figure 16. "Win-T Filter Protective Coating Mask No. 5 



E '  
8 
li 
t 
1 
E 
8 
I 
E 
8 
1 
I 
t 
t 
1 
I 
c 
I 

L 

Figure 17. Diplexer-Transmitter End First Conductor Mask No. 1 
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Figure 18. Diplexer-Transmitter End Dielectric Mask No. 2 
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Figure 19. Diplexer-Transmitter End Second Conductor Mask No. 3 
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Figure 20. Diplexer-Transmitter End Capacitor Trim Plates Mask No. 4 
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Figure 21. Diplexer-Receiver End First Conductor Mask No. 1 
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Figure 22. Diplexer-Receiver End Dielectric Mask No. 2 
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Figure 23. Diplexer-Receiver End Second Conductor Mask No. 3 
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Figure 24. Diplexer-Receiver End Capacitor Trim Plates Mask No. 4 
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7, VCO AM) FILTER SUBSYSTEM 

7.1 General Description 

A block diagram of the VCO and f i l t e r  subsystem appears i n  figure Zs,, 

The first VCO channel (nominally 4 kc), passes "sough two cascaded notch 

filters. These f i l ters  attenuate the second and t h i r d  hannonfcs which, 

unattermateda would appear as interfering signals i n  one of the higher 

frequency VCO channels, The second channel passes o n l y  through a second 

harmonic notch filter since the  third harmonic occurs outside of the VCO 

subsystem passband, Channels 3 through 7 are left unfiltered because all 

of t h e e  harmonics occur outside the subsystem bandwidth, 

The output of the 7 subcarrier channels are combined i n  a resis tor  

summing network composed of through R7" Amplifiers and A compensate 

fo r  t he  insertion loss ,  a t  the fundamentdl frequency, of the notch f i l t e r  

networks. Amplifiers through A are voltage followers which i so la te  

the individual VCO networks from each other as well as provide %ow output 

2 

7 

impedence drives fo r  the resistor summing network, 

A res i s tor  combining network was chosen because o f  i t s  simplfcity 

and linear suxmuing properties. An alternate solution might have been t o  

use an operational amplifier d n g  network, i n  which case amplifiers 

A,. and 5 could have been eliminated, 

stage amplifiers and are much easier and cheaper t o  construct than the 

5 and A2$ however, a re  simple one- 

operational amplifier which would have been required, 

7*2 Subsystem Performance 

F'igure 26 is a s t r i p  chart recording of the f'requeney spectrum i n  the 

subsystem passband, The recording was made connecting a H e w l e t t  Packard 

37 
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Figure 26. Frequency Spectrum of VCO and Filter System 
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302A wave analyzer with a 297A sweep drive t o  the summing point (Le., the 

c o m n  connection betueen resistors R.,. through 

using 10 millinlts full-scale i n  order t o  record accurately mall levels  

of spurious response, 

. The readings were made 5' 

The full amplitude of  the fmdament.al VCO signal is 

recorded on the figure and varies roughly between 300 and 340 millivolts3 

thus all spurims response below 3 mill ivol ts  i s  a t  l e a s t  40 db down f r o m  

the fundamental. The variation i n  fundamental amplitude is  a resu l t  of the 

variation i n  res i s tor  values from those calculated. 

res i s tors  were used i n  the construction of the summing network, 

The nearest value 10% 

I n  the p lo t  

shown, the third harmonic of the first channel i s  the only interfering 

signal above 3 mill ivol ts  (6  mill ivolts)  and was subsequently reduced t o  

2,8 m i l l i v o l t s  by adding a single stage RC low-pass filter t o  amplifier 5. 
I n  the subsystem shown, frequencies out of the passband are not 

attenuated and w i l l  modulate the transmitter, T h i s  undesirable extraneous 

modulation can be eliminated without degrading system performance by a s e t  

o f  simple, passive RC f i l t e r s  i n  the VCO outputs, 

The VCO and f i l t e r  subsystem operation has been suitably tes ted i n  

breadboard form and i s  ready t o  be fabricated i n  th in  films, 

40 



8. PACKAGING 

8.1 Development -of a Conformal Coat ing  

Two types of  conformal coatings are being investigated f o r  use i n  the 

packaging of the thia-.f.ilm devicescu The function of the conformal c&ng 

Kill be t o  provide,both a misture vapor barr ier  and mechanical insulation 

to protect tne  device,sg*st harmful atmospheric components and e x t d  

mechanical stresses, respectively, and t o  avoid reliance upon a hermetically 

sealed external package, The two types of conformal coating materials under 

consideration are Bpieaon Wax and compliant (elastomeric), l o w  temperature- 

curing sil icone compoundso 

8-2 Apiezon Wax 

This material is an extremely l o w  vapor pressure hydrocarbon wa;g 

obtained by molecular d i s t i l l a t ion  of a selected p&roleum fraction and is 

used extensively f o r  high vacuum seals, It is produced by Shel l  O i l  Cb, 

and sold by James C, Biddle Coo) Plymouth Meeting, Pa. Three twin4 mdules 

have been coated with Hard Wax W, an opaque black material with a softening 

temperature range of 8b90°C, The coating was applied i n  a vacuum chamber 

by placing a small quantity of the  solid wax, wbich had been previously 

deaerated by melting under vacuum, on the  surface of t he  device heated t o  

just above 100 C on a hotplate. At t h i s  tenrperzture, the  wax melted and 
0 

flowed over the surface of the thin-film c i r cu i t  t o  form a thin, adherent, 

uniform, wid-free coating which subsebently solidified on cooling. 

conformal coatings so applied did not affect the  performance o f  the devices 

The 

when they were tes ted i n  the laboratory atmosphere over a period o f  several 
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8.3 Compliant Silicone Coating 

Coatings based upon elastomeric si l icone potting and encapsulation 

compounds are  advantageous f rom several standpoints. Firs t ,  these m a t e r i a l s  

provide outstanding protection against moistureg and secondly, they cwe a% 

l o w  temperatures t o  soft, rubbery, r e s i l i e n t  sol ids  with very l i t t l e  shrink- 

age, being sppXed as r iscous liquids, 

is considerably higher than t h a t  of Apiezon Wax, 

Their operational temperature range 

Such coatings have been 

found t o  appreciably reduce embedment and other external mechanical stresses 

on encapsulated del icate  electronic components. 

materials have been obtained f o r  investigation: 

The following coating 

G, E, RTV-602 Silicone Potting Compound 

G. &. HTV-6lsA Silicone Potting Compound 

G. E, SS-4O9O Electr ical  Insulating Coating 

Dow Corning Sylgard 51 Dielectric G e l  

These l a t t e r  compliant materials appear very a t t rac t ive  f o r  use i n  conjunc- 

t i on  with a r ig id  external f l a t  pack. 

8.4 Development o f  a Rigid External Package 

Plans f o r  the development of a r ig id  external package ( f l a t  pack) f o r  

the thin-film devices we based upon the  use o f  a t h e m p l a s t i c  m a t e r i a l  

f o r  the ou%er case, i n  which the leads wjll he firmly embedded. The thino 

f i l m  device w i l l  be connected t o  t he  leads inside this case, coated o r  

encapsulated with one of the above-mentioned conformal coating materials, 

and the  case subsequently sealed, 
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Phase B of  the project  i s  on scheckle, with the s y s t e m  design essen- 

tially comp1et.e and the individcal mgdules identified, 

f i l ters has been fabricated and i s  DOW being eraluated, 

VCO design are  complete i n  thin-film form and the masks are now being 

prepared, 

a conformal coating, 

A set  of  tkdn*.T 

A diplexer and a 

A packaging study has been in i t i a t ed  with emphasis placed an 

Sicring the next quarter most o f  the  modules w i l l  be i n  the thin- 

f i M n g  processo 

both packaging and temperature, 

substrates should provide the necessary information for  thin-filming the  RF 

portions o f  the transceiver, 

Compment s t ab i l i t y  will be studied as a function o f  

F5naLy9 the evaluation o f  the diplexer 
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